Introduction
China is one of the primary origins of Diospyros kaki Thunb. and has abundant germplasms of D. kaki Thunb. At present, most of these germplasms have been conserved in situ. A germplasm collection of D. kaki Thunb. has been established in National Persimmon Germplasm Repository which is affiliated with Northwest Sci-tech University of Agriculture and Forestry, Yangling, Shaanxi Province (37) . In the Repository there are more than 550 accessions conserved in the field. Their conservation is time-, space-and labour-consuming and bears the risk of biological and abiotic stress or even extinction. So, cryopreservation in liquid nitrogen has been the most promising choice for long-term storage of germplasm.
D. kaki Thunb. can be classified into four types depending on the astringency at maturity and the pollination effect, i.e. the presence or absence of seeds in the flesh: pollination constant non-astringent (PCNA), pollination constant astringent (PCA), pollination variant non-astringent (PVNA) and pollination variant astringent (PVA) type. Matsumoto et al. (20) firstly attempted to cryopreserve dormant shoot tips of four types of D. kaki Thunb. by vitrification. The survival rate of dormant shoot tips of 16 accessions native to China, Japan and South Korea reached 89%, while the survival rate of accessions native to subtropical origin was only 37-66% and the difference between the tested genotypes was very significant. Later, Zhang and Luo (38) and Ai and Luo (2), respectively, cryopreserved some accessions of D. kaki Thunb. by encapsulation-vitrification and by vitrification. However, the above materials were not all-inclusive. Ai and Luo (4) cryopreserved the dormant shoot tips of PCNA type and dateplum by vitrification, but the regeneration rate was only 30%. Ai and Luo (5) also conserved three other types except for PVNA type under slow growth conditions and the survival rate was more than 60%, but this method needs more complicated steps. Therefore, if we can establish an economical and practical cryopreservation method, it can be applied to all types of D. kaki Thunb. and if each type is not significantly different for survival and regeneration rate, it will improve the efficiency of germplasm conservation. In this study, all four types were cryopreserved using modified droplet vitrification and the factors that affected the cryopreservation were studied in order to find an efficient method applicable to all four types. 
Materials and Methods

Plant materials
Cryopreservation procedures and culture conditions
In present study, droplet vitrification (1, 13, 16, 17, 18, 21, 24, 28, 29, 34) combined with encapsulation was carried out. First, shoot tips were precultured in 0.5 mol/L sucrose medium for 5 days. Second, shoot tips were encapsulated in alginate gel beads and suspended in calcium-free MS medium supplemented with 3% (w/v) Na-alginate plus 0.4 M sucrose solution. Next, shoot tips were transferred to a droplet of PVS 2 solution on a strip of aluminum foil around 0 o C during the manipulation. After the PVS 2 treatment, the aluminum strip was plunged into liquid nitrogen. After thawing and unloading, the shoot tips were transferred onto regeneration medium. The first week on the regeneration medium was always in the dark. Both post-thaw survival and post-thaw regeneration were determined after 4-6 weeks. The basic protocol was shown in Fig. 1 . 
Statistical analysis of results
Results are presented in mean percentages with their standard error. The rate of survival and regeneration after cryopreservation were subjected to analysis of variance (ANOVA), and the means were compared by the least significant difference (LSD) test (35) .
Results and Discussion
Effect of preculture condition on cryopreserved dormant vegetative shoot tips of D. kaki Thunb. The purpose of preculture treatment is to increase the cytoplasmic concentration of antifreeze and antidehydration strength and to facilitate vitrification formation in the process of cooling. Preliminary test results showed that MS (1/2) medium containing 0.5mol/L sucrose and 10g/L Pluronic F-68 was the best preculture medium. As shown in Fig. 2 , the regeneration rate increased within a certain incubation time, but when the time extended more than 1.5 h the regeneration rates declined. The reason may be that the water content of dormant bud meristem cell decreased, soluble sugar and other protective substances content increased when the concentration of Pluronic F-68 in the medium increased and the culture time extended. Thus, the osmotic potential of the cells was increased and freezing point was reduced, so the survival rate was increased. However, if sucrose concentration is too high, it will lead to excessive cell dehydration and osmotic stress. Three tested genotypes without PVS 2 treatment did not survive. First, the survival rate was increased when the treatment time was from 0 h to 1.5 h, but when the duration prolonged, survival rate decreased. The trends for regeneration rate were same as these for survival. As shown in Fig. 3 , the regeneration rate reached the maximum when the treatment time was 1.5 h. This result indicated that the shoot tips were injured in a greater extent due to an overexposure to the PVS 2 solution during the dehydration. On the contrary, the treatment time was too short for inadequate dehydration and in order to reach vitrification, and thus resulted in reduced regeneration rate. 
Effect of Pluronic F-68 on cryopreserved dormant shoot tips of D. kaki Thunb.
Appropriate media can stimulate cell division and allow shoot tips to recover from freezing injury. Pluronic F-68 added to the culture medium after cryopreservation improved the survival rate. The trend of survival rate was the same as that for the regeneration rate, as shown in Fig. 4 . However, when concentration of Pluronic F-68 exceeded a certain range, the regeneration rate was reduced which was also stated by Zhao et al. (39) . The reason was that the concentration of Pluronic F-68 was so much higher and the remaining time in the medium was so much longer, that polyphenol oxide was activated and oxidized to quinines that were dispersed in the medium. Thus it affected the recovery of shoot tips and shoot elongation. Table 1 : the regeneration rates of non-astringent persimmon types were higher than that of astringent persimmon. But these four types were not significantly different (P=0.05). The shoot tips were kept in the dark for one week prior to exposure to the light (12 h photoperiod cycle). The new leaves can be found after cryopreservation in D. kaki 'Eshi 1' after two weeks and develop into plantlets after 12 weeks (Fig. 5) . D. kaki Thunb. has been conserved in many ways. For example, National Persimmon Germplasm Repository (37), Fukui (9) and Ai and Luo (3) conserved some of D. kaki thunb. by low temperature storage. These conventional methods have many shortcomings. Field collections are exposed to natural disasters and attacked by pathogens and pests. In vitro cultures also face many risks such as contamination during frequent subculture and soma-clonal variations during conservation. In recent years, cryopreservation in liquid nitrogen (LN) has been a prospective conservation method due to experimental materials in minimal space and few variations (26, 27) . Matsumoto et al. (19, 20) and Ai and Luo (2, 4) and Zhang and Luo (38) cryopreserved one or some astringent types, but the above researches did not obtain very high regeneration rates. In the present study, modified droplet vitrification can handle simultaneously a large number of materials, and achieve high regeneration rate. The method would be an ideal cryopreservation technique (22) . Moreover, the results for all four types of D. kaki Thunb. were not significantly different.
In general, the survival of this organism is very difficult in the absence of cryoprotective substance in the experiment of low-temperature. The use of vitrification solution is the key step of the successful cryopreservation. PVS 2 treatment time is different because of various materials and cryopreservation methods (12, 13, 15, 30, 33) . The treatment time of encapsulated explants should be usually longer. This study confirmed that treatment time of 1.5 h with PVS 2 was better than 0.5 h and 1 h, but the effect of cryopreservation was reduced when the processing time was 2 h. This may be related to the concentration of vitrification solution. Xia (32), Wowk et al. (31) , Zhao et al. (39) , Kami (14) and Esther et al. (8) improved the survival rate respectively by adding some antifreeze protein or vitamin or cryoprotectant substance to their vitrification solution. This is probably done in order to reduce the toxicity of the vitrification solution through a diluting solution and the above additions may also present an obstacle to the formation of intracellular ice crystals during freezing and thawing. Because crystal formation can cause irreversible damage to cell membranes and thus destroy their semi-permeability. Pluronic F-68 is a non-ionic surface active agent and can promote cell differentiation, so it has been widely used in animal and plant tissue culture systems (6, 23) . Zhao et al. (39) and Pennycooke et al. (25) significantly improved the survival rate in the cryopreservation of potato using low concentration of Pluronic F-68. This study showed that by adding 0.1% Pluronic F-68 to the regeneration medium best results were achieved.
Matsumoto et al. (20) cryopreserved all astringent types of D. kaki Thunb. and the result was different between all tested genotypes. Benelli et al. (7), Zhang and Luo (38) and Ai and Luo (2, 4, 5) studied the cryopreservation of D. kaki thunb., but the materials referred only to some astringent types. Our results showed that the survival and regeneration rates were not significantly different between all four types by modified droplet vitrification. Papers dealing with the cryopreservation of large numbers of accessions of the same plant species are very scarce. The major merit of our study was not only to obtain the higher respectively survival and regeneration rate fit for all types but also to develop an easy protocol to deal with a large number of accessions. The study is the first report on a cryopreservation protocol applicable to all types of D. kaki Thunb. It could provide a theoretical basis for the establishment for cryopreserved gene bank of D. kaki thunb. core collection (36) . A cryopreserved gene bank of European Elms core collection has been established (11) .
Conclusions
Papers dealing with the cryopreservation of large numbers of accessions of the same plant species are very scarce. The major merit of our study was not only to obtain the higher respectively survival and regeneration rate fit for all types but also to develop an easy protocol to deal with a large number of accessions. The study is the first report on a cryopreservation protocol applicable to all types of D. kaki Thunb. It could provide a theoretical basis for the establishment for cryopreserved gene bank of D. kaki Thunb. core collection (36) . A cryopreserved gene bank of European Elms core collection has been established (11) .
